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Relative Risk Analysis of Factors Associated with Difficult

Intubation in Obstetric Anesthesia

D. A. Rocke, M.R.C.P.(U.K.), F.F.A.(S.A.),* W. B. Murray, M.D. (Stell), F.F.A.R.C.S.,t
C. C. Rout, F.F.A.R.C.S.,t E. Gouws, B.Sc.(Hons.)§

Difficult tracheal intubation, often unexpected, has been identified
as the commonest contributory factor to anesthetic-related maternal
death. The ability to predict such cases preoperatively would be of
great value. Preoperative airway assessment and potential risk fac-
tors for difficult tracheal intubation were recorded in 1,500 patients
undergoing emergency and elective cesarean section under general
anesthesia. Airway assessment using a modified Mallampati test re-
corded oropharyngeal structures visible upon maximal mouth
opening. Potential risk factors documented were obesity; short neck;
missing, protruding, or single maxillary incisors; receding mandible;
facial edema; and swollen tongue. Subsequent to induction of anes-
thesia, the view at laryngoscopy and difficulty at intubation were
graded. There was a significant (P < 0.001) correlation between the
oropharyngeal structures seen and both the view at laryngoscopy
and difficulty at intubation. Univariate analysis demonstrated a sig-
nificant association between difficult intubation and short neck (P
< 0.001), obesity (P < 0.0001), missing maxillary incisors (P < 0.02),
protruding maxillary incisors (P < 0.001), single maxillary incisor
(P < 0.0001), and receding mandible (P < 0.003). Neither facial
edema (P = 0.414) nor swollen tongue (P = 0.141) were found to be
associated with difficult intubation. Multivariate analysis removed
obesity and missing and single maxillary incisors as risk factors.
Obesity was eliminated because of its strong association with short
neck. The probability of experiencing a difficult intubation for var-
ious combinations of risk factors was determined. The relative risk
of experiencing a difficult intubation in comparison to an uncom-
plicated class I airway assessment was class 11, 3.23; class III, 7.58;
class IV, 11.3; short neck, 5.01; receding mandible, 9.71; and pro-
truding maxillary incisors, 8.0. Using the probability index and/or
relative risk for various combinations of risk factors may allow pre-
operative prediction of difficult tracheal intubation. (Key Words:
Anesthesia: obstetric. Anesthetic techniques: tracheal intubation.
Complications: difficult intubation. Risk prediction.)

DIFFICULTY WITH TRACHEAL INTUBATION is a major
concern for every anesthesiologist. Such are the conse-
quences of failed tracheal intubation that a number of
attempts have been made to predict those patients in
whom tracheal intubation will subsequently prove to be
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difficult.'"® Risk factors identified at the preoperative visit
have been used to alert the anesthesiologist so that alter-
native methods of securing the airway can be used or
additional experienced support obtained. Although most
predictive studies have been conducted in the general
surgical population, the obstetric patient presents a par-
ticular concern: maternal mortality reports have contin-
ued to highlight the association between difficulty at
tracheal intubation and anesthetic-related maternal
deaths.'®"!* In the obstetric population the risk of failed
intubation has been reported to be as great as 1 in 300
undergoing cesarean section,'® which is eight times the
rate in the general surgical patient population'®; many
obstetric patients are now offered regional techniques in
preference to general anesthesia.!” The decreasing use
of general anesthesia makes study of tracheal intubation
problems in this group more difficult. However, general
anesthesia is still required in many cases, and it remains
imperative for the anesthesiologist to assess properly the
patient preoperatively and to make an informed assess-
ment of the potential risk of a difficult tracheal intubation.

In 1983 Mallampati hypothesized that the size of the
base of the tongue as assessed by the structures viewed
upon direct oropharyngeal inspection could be used to
predict subsequent difficult laryngoscopy.! No prospective
evaluation of this test has been conducted in an obstetric
population. We have therefore evaluated the Mallampati
test as modified by Samsoon and Young® in a large ob-
stetric population undergoing cesarean section under
general anesthesia. In addition, we have assessed patients
for a number of additional risk factors for difficult tracheal
intubation.

Materials and Methods

Preoperative patient data, airway assessments, and po-
tential risk factors for difficult intubation were recorded
on a group of patients presenting for cesarean section to
the obstetric unit at the King Edward VIII Hospital, a
tertiary referral teaching hospital. All residents and faculty
who were assigned to the obstetric operating rooms par-
ticipated in the study after explanation of the data col-
lection form. The obstetric unit is an exceptionally busy
unit with approximately 15,000 deliveries annually, and
efforts were made to obtain data on as many patients as
possible, including both emergency and elective cases. The
study was conducted over an 8-month period. For each
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patient the following data were recorded: age, weight,
indication for cesarean section, and method of anesthesia
(general, spinal, or epidural). In some cases the patient’s
weight was not available because of the emergency nature
of her admission.

Prior to anesthesia an assessment was made of the oro-
pharyngeal structures visible using the test first described
by Mallampati' and subsequently modified by Samsoon
and Young.® Each patient was asked to sit upright and to
open her mouth widely with the head in the neutral po-
sition. The patient was then asked to protrude her tongue
maximally, and an assessment was made of the oropha-
ryngeal structures visualized. The data form contained a
visual illustration of the four possible classes, and the
anesthesiologist recorded the picture that most closely re-
sembled that seen in the patient. The classification was as
follows: class I = soft palate, fauces, uvula, and tonsillar
pillars visible; class II = soft palate and fauces seen, tip of
uvula obscured; class III = soft palate and only base of
uvula seen; and class IV = soft palate not visible. Patients
were asked not to phonate during the test since the clas-
sification could be affected by this maneuver.!® If any un-
certainty existed, the test was repeated after 1 min. Each
patient’s airway was assessed regardless of whether general
or regional anesthesia was planned.

Following assessment of oropharyngeal structures, pa-
tients were examined for the following eight potential

" risk factors: short neck; obesity; missing maxillary incisors;
protruding maxillary teeth; single maxillary tooth; reced-
ing mandible; facial edema; and swollen tongue. Short
neck, obesity, facial edema, and swollen tongue were sub-
jectively assessed by the anesthesiologist. Receding man-
dible was assessed by placing three fingers under the
mandible between the thyroid cartilage and the mentum.
If the thyromental distance was less than the breadth of
the three fingers, the patient was assessed as having a
receding mandible. Protruding maxillary incisors were
assessed as significant overbite in a patient with no reced-
ing mandible viewed from the lateral position with the
head in the neutral position and the teeth clenched. The
degree of overbite was subjectively assessed. Single max-
illary incisor and missing upper incisors are self-explan-
atory.

Following preoperative assessment, anesthesiologists
were given the freedom to decide, in consultation with
the patient, whether or not the patient should receive
general or regional anesthesia. Because of the large num-
bers of patients presenting for emergency cesarean sec-
tion, the majority (93%) of patients received general
anesthesia. Patients were transferred to the operating
room while in the left lateral position, and 30 ml 0.3 M
sodium citrate was administered orally prior to transfer
onto the operating table. After 3 min preoxygenation,
anesthesia was induced with thiopental or etomidate fol-

Anesthesiology
V 77, No 1, Jul 1992

lowed by succinylcholine. Cricoid pressure was applied
upon loss of consciousness and maintained until the tra-
chea was intubated, the cuff inflated, and correct tube
location verified.

During the rapid-sequence induction, an assessment was
made of the view at laryngoscopy as described by Cormack
and Lehane.'® The classification was as follows: grade A
= most of the glottis visible; grade B = only the posterior
extremity of the glottis visible; grade C = no part of the
glottis visible, only the epiglottis; grade D = not even the
epiglottis visible. The data collection formagain contained
a visual picture of the four possible grades. Where two
anesthesiologists were involved in a case, the preoperative
assessment was made by the more senior, while the more
junior undertook the laryngoscopy and intubation as part
of the resident teaching program but without prior
knowledge of the oropharyngeal assessment.

After laryngoscopy, the trachea was intubated, and a
subjective assessment of the ease or difficulty of intubation
was made according to the following scale: grade I = easy,
intubation at the first attempt, no difficulty; grade 2
= some difficulty, insertion of tracheal tube not achieved
at the first attempt but successful after adjustment of la-
ryngoscope blade and/or adjustment of head position but
not requiring additional equipment, removal, and rein-
sertion of the laryngoscope or senior assistance; grade 3
= very difficult, requiring removal of the laryngoscope,
further oxygenation by mask ventilation and subsequent
intubation with or without the use of an introducing stylet,
an alternative laryngoscope blade or intubation by a senior
colleague; and grade 4 = failed intubation, including fail-
ure to pass the tracheal tube after several attempts, or
unrecognized esophageal intubation by a resident with
subsequent tube placement by a senior anesthesiologist.

DATA ANALYSIS

Preoperative oropharyngeal classification, grading of
view at laryngoscopy, and ease or difficulty at intubation
are presented as descriptive data. Preoperative oropha-
ryngeal airway classification and each of the specific po-
tential risk factors were compared for association with
difficulty at intubation using univariate analysis (chi-
square, P < 0.05), Grades 3 (very difficult) and 4 (failed)
were combined into one group and compared against
grades 1 and 2 combined. Those cases where some dif-
ficulty (grade 2) was experienced were combined with
grade 1 intubation because the difficulty was rectified by
minimal attention to the intubation technique and was
considered to pose no additional risk to the mother. Fac-
tors that had a significant association with difficult intu-
bation on univariate analysis were then subjected to a
stepwise multiple logistic regression analysis using a back-
ward elimination procedure. As factors became nonsig-
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TABLE 1. Association Between Oropharyngeal Structures Visualized Preoperatively and View at Laryngoscopy
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Oropharyngeal Structures Visualized
Class 1 Class 11 Class 111 Class IV Total

Laryngoscopy
Grade A 469 (98.1) 542 (86.7) 241 (75.1) 54 (71) 1306 (87.1)

B 8 (1.7) 73 (11.7) 69 (21.5) 17 (22.4) 167 (11.1)

c 1(0.2) 9 (1.4) 11 (3.4) 5 (6.6) 26 (1.7)

D 0 (0) 1(0.2) 0 (0) 0 (0) 1(0.1)
Total 478 (31.9) 625 (41.6) 821 (21.4) 76 (5.1)

Values are percentages (P < 0.001).

nificant (P > 0.05) they were eliminated. Using the
regression equation, the probability of experiencing a very
difficult or failed intubation (grades 3 and 4) was then
calculated for all possible permutations of the remaining
significant risk factors (see Appendix). In addition, the
regression coefficients of each significant factor were used
to calculate the relative risk for that factor in comparison
to an uncomplicated class I (see Appendix). The latter
was chosen because class I airway assessments were asso-
ciated with easy tracheal intubations in 96.4% of cases.

Results

During the study period of 8 months, 9,381 mothers
delivered in the obstetric unit at King Edward VIII Hos-
pital. Of these, 3,440 (36.6%) patients underwent either
elective or emergency cesarean section, and of these, data
were collected on 1,606 patients. The study thus repre-
sents 46.7% of the obstetric surgical case load during the
study period. The mean (== SD) age of the patients was
26.4 (+ 2.9) yr, and the mean weight 75.6 (+ 5.9) kg. Of
the patients studied, 106 underwent their operative de-
livery under either spinal or epidural anesthesia, leaving
a general anesthesia study group of 1,500 patients. There
were no statistical differences in the age, weight, indication
for cesarean section, or distribution of oropharyngeal
classification between the group of patients undergoing
general anesthesia and the group undergoing cesarean
section under regional anesthesia. There were a signifi-
cantly greater number of patients with short neck and

with obesity in the general anesthesia group compared to
the regional group (14.9% vs. 4.72%, P < 0.002, Fisher’s
Exact Probability test; 7.1% vs. 1.89%, P < 0.04, respec-
tively). There were no differences between the groups for
the other six risk factors.

Shown in tables 1 and 2 are the numbers of patients
in the general anesthesia group classified according to
oropharyngeal structures visualized and the view at la-
ryngoscopy and the subsequent difficulty with intubation,
respectively. There was a significant association between
Mallampati class and the view at laryngoscopy (P < 0.001)
and difficulty at intubation (P < 0.001). Only 6.6% of
class IV airway cases were associated with a very difficult
tracheal intubation, and none of the class IV cases was
associated with a failed intubation. There were two failed
intubations, giving an overall incidence of 1 in 750 cases.

In order of frequency of occurrence, 223 (14.9%) pa-
tients were assessed as having a short neck; 106 (7.1%)
were obese; 64 (4.7%) had missing maxillary incisors; 30
(2%) had facial edema; 25 (1.7%) had a swollen tongue;
15 (1%) had a receding mandible; 13 (0.87%) had pro-
truding maxillary teeth; and 3 (0.2%) had a single max-
illary tooth. The mean (range) weight of the “obese’’ pa-
tients was 104 kg (80-160) compared with 72 kg (43—
107) in the nonobese group. The association between in-
dividual risk factors (univariate analysis) and difficulty at
intubation is shown in table 3, and results of the multi-
variate analysis is shown in table 4. Table 5 depicts the
regression coefficients used in the probability calculation
and the relative risk of difficult intubation for each sig-

TABLE 2. Association Between Oropharyngeal Structures Visualized Preoperatively and Subsequent Difficulty at Tracheal Intubation

Oropharyngeal Structures Visualized
Class 1 Class 11 Class IT1 Class IV Total
Difficulty at intubation
Grade 1: easy 461 (96.4) 566 (90.6) 264 (82.2) 58 (76.3) 1349 (89.9)
Grade 2: some difficulty 15 (3.1) 48 (7.7) 43 (13.4) 13 (17.1) 119 (7.9)
Grade 3: very difficult 2 (0.42) 10 (1.6) 13 (4.0) 5 (6.6) 30 (2.0)
Grade 4: failed 0 (0) 1(0.2) 1(0.3) 0 (0) 2(0.1)

Values are percentages (P < 0.001).
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TABLE 3. Univariate Analysis of Individual Risk Factors and Their
Association with Difficulty at Tracheal Intubation

Risk Factor Chi Square (P)

Oropharyngeal structures
visualized

Short neck (n = 223)

Obesity (n = 106)

Missing maxillary incisors (n = 64)

Single maxillary incisor (n = 3)

Receding mandible (n = 15)

Facial edema (n = 30)

Swollen tongue (n = 25)

Protruding maxillary teeth
(n=13)

21.977 (<0.0001)
37.814 (<0.0001)
16.012 (<0.0001)
5.426 (0.020)
14.015 (<0.0001)
9.103 (0.003)
0.667 (0.414)
4,191 (0.141)

11.029 (0.001)

nificant risk factor. Using relative risk, the presence of
class 3 is associated with a risk 7.58 times greater than
class I, while class 4 has a risk 11.20 times greater than
class I (table 5). The probability of experiencing a difficult
intubation dependent upon the presence of various per-
mutations of risk factors is depicted in figure 1.

Discussion

The Reports on Confidential Enquiries into Maternal
Deaths in England and Wales'® and in the United
Kingdom'! have continued to highlight the relationship
between maternal death and difficulty with tracheal in-
tubation. During the period 1976-1987, there were 76
deaths directly due to anesthesia, of which 36 (47%) were
related to problems at intubation. Other authors have
confirmed the emergence of the inability to establish or
maintain airway patency as the main cause of anesthesia-
related maternal death.'? Because of the potentially se-
rious consequences of failed tracheal intubation, consid-
erable attention has focused upon attempts to predict at
the preoperative assessment'~® the patient in whom in-
tubation will be difficult. Only one of these studies has
dealt specifically with the obstetric patient,® in whom the
risks of difficult intubation are said to be eight times
greater than in the general surgical population.!® The
conclusions of such nonobstetric studies therefore may
not be applicable to the obstetric population. Whatever
preoperative characteristic or test is used, it must ulti-
mately be tested against the expected adverse outcome,
which in this case is difficulty either at laryngoscopy or
intubation.

One problem with the obstetric population is that the
increasing use of regional anesthetic techniques for ce-
sarean section has decreased the number of general an-
esthetics and therefore the number of patients available
for study. Validation of preoperative assessment is thus
difficult, because large numbers of patients need to be
studied, particularly when dealing with an infrequently
occurring adverse event such as failed intubation. Many
of the studies have expressed the predictive value of tests
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in terms of sensitivity, specificity, and positive predictive
value; however, their use becomes limited when the in-
cidence of the adverse event is very low, as is the case
with failed intubation. In their place, we have used the
concept of relative risk and have calculated the probability
of experiencing a difficult intubation; we believe this will
give the clinician a more meaningful approach to patient
management.

In 1983, Mallampati hypothesized that the size of the
base of the tongue, as assessed by oropharyngeal structures
visualized, could be used as a clinical test to predict sub-
sequent difficult intubation.! A prospective study to eval-
uate the test in a general surgical population showed that
the degree of difficulty in visualizing the oropharyngeal
structures was an accurate predictor of difficulty with di-
rect laryngoscopy.? As depicted in tables 1 and 2, in the
present study there was a general increase in difficulty
visualizing the larynx and in intubation commensurate
with the reduction in oropharyngeal structures seen. Us-
ing the Mallampati test as modified by Samsoon and
Young,® 73.5% of our patients were described as class I
and II. The remaining 26.5% of cases, which fell into
class IIT1 (21.4%) and class IV (5.1%), was higher than
anticipated. We expected a lower incidence of classes I1I
and IV because of the purported association between these
classes and subsequent difficult intubation and the low
incidence of difficult intubation. Two of the 478 (0.4%)
class I assessments and 11 of 526 (1.76%) class 11 assess-
ments were associated with a difficult intubation, with one
of the class II cases categorized as a failed tracheal intu-
bation.

Because unexpected difficulty can still arise even in class
I and II cases, every anesthesiologist must be prepared
for such an event. While there have been a number of
authoritative reviews on difficult intubation, the most re-
cent, by Benumof, outlines the ASA Task Force difficult
airway management algorithm of what to do when the
unexpected difficulty arises.?’ The majority of the difficult
intubations in our study were first managed by returning
to mask ventilation with 100% oxygen and halothane
while maintaining cricoid pressure, following which the
difficult intubation cart and senior assistance were called
for. Intubation was then most commonly achieved by use
of a smaller tracheal tube passed over a gum elastic bougie.
Of the two failed intubations, one was assessed as a class

TABLE 4. Stepwise Multiple Logistic Regression Analysis of Risk
Factors and Their Association with Difficulty at Tracheal Intubation

Risk Factor Chi Square (P)

Oropharyngeal structures visualized
Short neck

Receding mandible

Protruding maxillary incisors

11.8 (0.0081)
18.53 (<0.0001)
7.52 (0.0061)
5.91 (0.0150)
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TABLE 5. Relative Risk of Fectors Associated with Difficulty at Tracheal Intubation Compared with Uncomplicated Mallampati Class I = 1

Risk Factor

Regression Coefficient (SE)}

Relative Risk (95%
Confidence Intervals)

Mallampati Class

II —0.233 (0.3266) 3.23 (1.70; 6.13)
111 0.620 (0.3173) 7.58 (4.07; 14.12)
v 1.019 (0.4127) 11.30 (5.03; 25.38)

Short neck 1.612 (0.3746) 5.01 (2.40; 10.450)

Receding mandible
Protruding maxillary incisors

2.273 (0.8292)
2.080 (0.8554)

9.71 (1.91; 49.32)
8.0 (1.50; 42.50)

I airway with no additional risk factors. The view at la-
ryngoscopy was grade C, and despite of a number of at-
tempts, the anesthesiologist was unable to pass the tube.
Ventilation and oxygenation were maintained with diffi-
culty, with hemoglobin oxygen saturation decreasing to
88% at one stage. With time, spontaneous respiration re-
turned; the mother awakened; and the cesarean section
was undertaken under epidural anesthesia. The other case
was an esophageal intubation by the resident and recog-
nized by the senior anesthesiologist following initial ven-
tilation and auscultation, since capnography was unavail-
able at the time. Subsequent placement of the tube by the
senior anesthesiologist was uneventful. The case was a
class III airway.

CLASS |  (20.3%)

CLASS Il (34.9%)
CLASS Il (16.8%)
CLASS IV {3.7%)
I+ SN (2.1%)
I+ PI (0.2%)
| + RM (0.2%)
1+ 8N (6.7%)
I+ Pl (0.3%)

It + RM (0.4%)
s SN (6.4%)
I« Pl (0.07%)

1l + RM  {0,07%)
IV + SN (1.2%)
IV s Pl {0.07%)
IV « RM  (0.13%)
I+ SN +Pl (0%)
I+ SN « RM (0.07%)
I+ RM + PI {0%)

Il + SN + Pl {0.2%)
11 + SN + RM (0.13%)
I+ RM + Pl (0%)
i+ SN+ P1 (0.07%)
s SN+ RM  (0%)
1+ AM+ Pl (0%)
IV +8N+Pl {O%)
IV + SN + RM  (0%)
IV + RM + Pl {0%)
I+ SN+ RM+ Pl (0%)
11+ SN+ RM+ P1 (0%)
til+ SN+ RM+P! (0%) ;
IV+ SN+ RM+P! (0%) o

0 10 20 30 40 50 60 70 80 90 100
PROBABILITY (%) OF DIFFICULT INTUBATION

Fi1G. 1. The probability of experiencing a difficult intubation (grades
3 and 4 combined; see text for explanation) for the varying combi-
nations of risk factors and the observed incidence of these combinations
in this study (percentage). SN = short neck; PI = protruding maxillary
incisors; RM = receding mandible.

There have been a number of criticisms of the Mallam-
pati test, and although none of the studies has been in
the obstetric population, these criticisms may still be ap-
plicable to our study. Several authors have found consid-
erable interobserver variation when using the test, some
of which may be due to phonation during the conduct of
the test.'® Such interobserver variation was not tested for
in our study but could lead to different patient manage-
ment decisions. Our residents did not volunteer such a
problem with the oropharyngeal classification, which may
partly be due to the provision of a visual picture of the
classification on the data collection form.

Another criticism, recently highlighted by Oates and
colleagues in a general surgical group of patients, was the
low sensitivity (0.42), moderate specificity (0.84), and very
low positive predictive value (4.4%) of the test.!” Another
way of using oropharyngeal assessment would be to pre-
dict the patients in whom there will be no intubation dif-
ficulty. Of those patients, assessed as class I, in 96.4%
intubation proved to be easy and in a further 3.1%, in-
tubation was achieved with only some difficulty (class IT)
and no additional risk to the patient. We believe therefore
that the value of the class I assessment is that it can reassure
the anesthesiologist that serious difficulty at intubation,
which occurred in 2 of 478 class I assessments in this study,
will not be a problem unless there are other risk factors.
The one very difficult class I case had a coexistent short
neck. However, it should still be realized that in this study,
1 in 240 class I cases presented with a difficult intubation
such that the mother was placed at an additional risk.
While there was a general increase in difficulty with in-
tubation with increasing oropharyngeal class, in our study
it would appear that a class IV assessment has a low spec-
ificity. Only 6.6% of class IV assessments subsequently
proved to be very difficult. It is possible that a class IV
assessment in the pregnant population has a different sig-
nificance than it does in the nonpregnant population.

An additional criticism of the oropharyngeal assessment
as a predictive test is that it fails to take into account other
potential risk factors. In the present study, we assessed
eight additional potential risk factors for an association
with difficult intubation. Perhaps the greatest criticism of
the present study was the lack of precise quantification of
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some of the risk factors. This study was conducted in a
unit where rapid assessment is required, and we wanted
such an assessment rather than a time-consuming series
of tests that may not be logistically possible. The limita-
tions in the quantification of some of the risk factors may
make transposition of the data to other units difficult.
Anesthesiologists were asked to make a subjective assess-
ment of obesity because the actual weight of the patient
was missing in a large proportion of the emergency cases
in which the patient presented without prior antenatal
care at our institution. No objective assessment of head
and neck mobility was made but participants were asked
to indicate whether or not they believed the patient had
a short neck. Both the assessment of a short neck and
obesity had a strong association with difficult intubation
and also with each other, such that during the multivariate
analysis obesity was eliminated. The use of weight as a
risk indicator in the pregnant patient could provide ob-
vious difficulties. In the nonpregnant population, Wilson
and colleagues found weight to be the least useful of five
factors, which when combined produced a risk-sum index
for predicting difficulty with intubation.” In a recent
comparison of the Wilson risk-sum index and the Mal-
lampati test, removal of weight from the risk-sum did not
change the sensitivity of the test (0.42) and only marginally
increased the positive predictive value.'” The authors
suggested that the weight component of the Wilson risk-
sum might be unnecessary, although they warned that
caution should be exercised before extending their find-
ings to patients weighing more than 110 kg. In our pop-
ulation we would be prepared to exclude weight as a factor
because a large proportion of our patient’s weight is dis-
tributed around the thighs and buttocks and because of
the strong association on multivariate analysis between
obesity and short neck.

One additional potential criticism of our study is the
possible introduction of bias. First, not all patients entering
the operating room were studied because some residents
were more compliant than others in completing the data
collection. However, we believe that due to the large
number of participating staff, the patient population
studied represents the general population who present to
the unit. Second, the resident undertaking intubation was
aware of the preoperative airway assessment in the ma-
jority of cases. We attempted to eliminate this source of
error by having assessments and intubation performed by
different anesthesiologists whenever possible, but because
most of our cases were emergency procedures this was
not always possible to achieve.

Using the concept of relative risk, the presence of a
short neck alone was associated with a relative risk five
times that of the Mallampati class I. Because of the math-
ematical model used, the relative risk of each factor must
be multiplied to allow one to assess the risk of various
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combinations of factors.?! For example, a patient with a
class IV airway and a short neck would have a combined
risk of 11 X 5 = 55 times that of a Mallampati class I
airway. Relative risk for a number of permutations may
be calculated and, using this information, each obstetric
unit could decide the risk level requiring additional sup-
port or an alternative technique such as regional anes-
thesia or awake fiberoptic intubation. Prospective study
of the value of relative risk is required. An alternative
method of presenting the data is to use the mathematical
calculation of the probability of any combination of risk
factors leading to a difficult intubation, as described in
the Appendix. Graphic presentation of the probability of
difficult intubation for various combinations of risk factors
is presented in figure 1. Using the probability of difficulty
and the likely incidence of any combination of risk factors,
obstetric anesthetic unit policy for calling in assistance or
choosing alternative methods of anesthesia or securing
the airway can be drawn. For example, in 1,500 cases
studied, the combination of a class IV airway and a short
neck was associated with a 15% probability of a difficult
intubation and occurred in 1.2% cases. Unit policy could
determine that it would be appropriate to seek expert
assistance or use an alternative technique for such cases.
Prospective study of such a policy is required to ascertain
the impact on the number of subsequent difficult intu-
bations.

In summary, we preoperatively evaluated a number of
patient characteristics that have been demonstrated to be
associated with difficult tracheal intubation in an obstetric
population. We have confirmed a strong correlation be-
tween the structures seen on oropharyngeal assessment
and subsequent difficult intubation and also quantified
the probability of a difficult intubation for various com-
binations of risk factors. The study also confirmed that
Mallampati class I oropharyngeal assessment is usually as-
sociated with an easy tracheal intubation and also quan-
tified the relative risk of intubation difficulty for the var-
ious risk factors in comparison to a class I airway assess-
ment. Use of the probability index and relative risk may
allow institutions to determine obstetric anesthetic inter-
vention policy and prospectively to evaluate its impact.
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Appendix

CALCULATION OF A MODEL TO PREDICT THE
PROBABILITY OF DIFFICULT INTUBATION

The stepwise multiple logistic regression analysis used difficulty
at intubation as the outcome variable. Ease or difficulty at in-
tubation were combined into two groups: group I = easy intu-
bation or some difficulty (grades 1 and 2), and group 2 = very
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difficult or failed (grades 3 and 4). This was undertaken because
we believed that grades 3 and 4, unlike grades 1 and 2, consti-
tuted an additional hazard to the mother (see text for definition
of grades). The risk factors used in the analysis were the four
oropharyngeal classes, short neck, receding mandible, protruding
maxillary incisors, obesity, missing maxillary incisors, facial
edema, swollen tongue, and single maxillary incisor. The statis-
tical procedures involved repetitive calculation of the association
between permutations of the risk factors and the outcome vari-
ables. Risk factors that were significant when analyzed in isolation
{for example, obesity) became nonsignificant when controlling
for other risk factors; for example, obesity was strongly associated
with short neck, but the latter was the better predictor of out-
come. As risk factors became nonsignificant at the 5% level they
were eliminated. Continuation of the stepwise process produced
stronger associations from the reduced number of possible per-
mutations. The final remaining significant risk factors, which
were oropharyngeal classification, short neck, receding mandible,
and protruding maxillary incisors, were combined in a mathe-
matical model that can be used to calculate the probability of a
difficult intubation.

log = —4,43 — 1.4 (class I) — 0.23 (class II)

1-P
+ 0.62 (class III) + 1.01 {(class IV)
+ 1.612 (short neck) + 2.27 (receding mandible)
+ 2.076 (protruding maxillary incisors) (1)
P can be solved by rewriting the equation so that:

X

€
T l4e 2)

where x = equation 1. A risk factor not present in a given patient
is entered as zero and therefore disappears from the equation.

An alternative method of using the model coefficients derived
from the logistic regression analysis is to express the probability
of experiencing a difficult intubation for each independent risk
factor relative to the difficulty experienced with an oropharyn-
geal class I with no other risk factors, Using this concept of
relative risk for each individual risk factor, comparison can be
made by making oropharyngeal class I, for example, with no
other risk factors, equal to 1. For various combinations of risk
factors, the relative risk can be calculated by adding the expo-
nential coefficients as outlined in the equation below. Alterna-
tively, relative risk for each independent factor may be multiplied
to achieve the same result (see text). For example, a patient with
oropharyngeal class II with a short neck and receding mandible,
when compared with oropharyngeal class I, has the relative risk
of a difficult intubation:

RR = e(-443-0.23+1.6142.27)~(~4.43~1.4)

= e—0.25+1.61+2.27+l.4

= 505
= 156

i.e., 156 times the risk of an uncomplicated class I airway assess-
ment,
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